Abstract. Tubulin is a major component of microtubules. Class III ß-tubulin (ß III) is a neuron-associated ß-tubulin isotype and expressed in the normal central and peripheral nervous systems. According to a previous study, ß III is not expressed in normal skin and squamous cell carcinoma. However, its expression has not been examined in basal cell carcinoma (BCC) of the skin. Expression of ß III was analyzed together with neural cell adhesion molecule (NCAM), chromogranin A, synaptophysin, epithelial membrane antigen (EMA) and cytokeratin (CK) 20 by immunohistochemical methods in 10 non-neoplastic skin tissues and 50 BCCs. In the normal skin, immunoreactivity to ß III was restricted to the nerve bundles in the dermis and subcutis, no positivity was shown in epithelial cells of the epidermis and skin appendages. ß III and NCAM were expressed in 50 and 68% of BCCs, respectively, predominantly periphery of tumor nests, although the distribution of both markers was not always identical. Chromogranin A, synaptophysin and CK 20 were not expressed in any of BCCs. EMA was focally expressed in only 8% of BCCs. ß III is a potential candidate for inclusion to the panel of immunohistochemical markers to distinguish small BCCs from non-neoplastic hair buds, because non-neoplastic hair follicles are not positive for ß III.
Introduction
Basal cell carcinoma (BCC) of the skin, one of the most common cutaneous carcinoma, has been proposed to originate from follicular germinative cells according to the expression of various cytokeratins and other markers (1) (2) (3) (4) (5) . Previous immunohistochemical analyses suggested that the minority of BCCs showed neuroendocrine differentiation (6, 7) . Although neuroendocrine cells and neural tissues frequently share common immunohistochemical markers, the neuroendocrine markers have not yet been completely examined in BCCs.
Tubulin is a major component of microtubules, which are ubiquitous cytoskeltal structures deeply involved in the intracellular transport, cell movement and mitosis. Tubulin consists of · and ß subunits. In mammals, six ß-tubulin isotypes have been identified and the complex variable patterns of their expression denote cellular and functional specificity and diversity (8) .
Class III ß-tubulin (ß III) is a neuron-associated isotype that is considered to be one of the earliest neuron-associated cytoskeletal markers and is thought to play an important functional role in neuronal morphogenesis (8) . ß III expression is observed throughout the lifetime from early development in the central and peripheral nervous systems and in some nerve tumors, such as high-grade gliomas (9) , oligodendrogliomas (10), medulloblastomas (11) , retinoblastomas (12) , and pheochromocytomas (13) . ß III expression was also shown in the non-neuronal tissues and their tumors, for example: fetal Kulchitsky cells, which are neuroendocrine cells of the lung; neuroendocrine cell tumors of the lung, such as small cell carcinomas, large cell neuroendocrine cell carcinomas and some of atypical carcinoid tumors (14) ; certain gastrointestinal carcinoid tumors (15) ; and various lung carcinomas, especially adenocarcinomas (14) . Although ß III expression was not revealed in the normal skin, its appendages and squamous cell carcinoma of the skin (16), its expression in BCC has not yet been examined. Here, we report the expression of ß III in BCCs, in comparison to that of neural cell adhesion molecule (NCAM), chromogranin A, synaptophysin, epithelial membrane antigen (EMA) and cytokeratin (CK) 20, and discuss the diagnostic utility of examination of ß III expression.
Materials and methods
Case selection. The BCC cases in this study comprised of 50 consecutive operative specimens from 49 patients from Shiga University of Medical Science Hospital obtained during [2004] [2005] [2006] [2007] [2008] . These cases were diagnosed by at least two diagnostic pathologists approved by the Japanese Society of Pathology. The median age of the patients (29 men and 20 women) was 73.2 years (range 15-95 years). One patient had 2 different lesions on the face and a 15-year-old patient had a previous diagnosis of xeroderma pigmentosum. The examined specimens were derived from the face (40 cases), trunk (6 cases), scalp (3 cases) and thigh (1 case).
The diagnostic criteria for BCC were based on the description in the World Health Organization Classification of Tumors, Pathology and Genetics of Skin Tumors (17) as follows: lobules, columns, bands and cords of basaloid cells (germinative cells) associated with scant cytoplasm and a characteristic outer palisade of cells associated with a surrounding loose fibromucinous stroma. In addition, artefactual retraction spaces between the tumor and stroma are present, and apoptosis is usually observed. These cases were subclassified by the World Health Organization Classification of Tumors, Pathology and Genetics of Skin Tumors (17) as superficial, nodular, micronodular or infiltrative types.
Ten non-neoplastic skin tissue samples (5 from the scalp and 5 from the face) from perilesional excision areas were also used. None of these tissues displayed any pathological findings.
Immunohistochemistry. Immunostaining was performed using an autostainer (XT System Benchmark, Ventana Medical System, Tucson, AZ, USA) according to the manufacturer's instruction. Primary antibodies used in the study were a mouse monoclonal antibody against human chromogranin A (diluted 1:200; DAK-A3, Dako Cytomation, Glostrup, Denmark), a mouse monoclonal antibody against human class III ß-tubulin (diluted 1:400; TU-20, Chemicon International Inc., Temecula, CA, USA), a mouse monoclonal antibody against human neural cell adhesion molecule (diluted 1:100; CD564, Novocastra Laboratories Ltd., Newcastle upon Tyne, UK), a mouse monoclonal antibody against human synaptophysin (diluted 1:400; 27G12, Novocastra), a mouse monoclonal antibody against human epithelial membrane antigen (diluted 1:300; GP1.4, Novocastra), and a mouse monoclonal antibody against human cytokeratin 20 (dilated 1:50; Ks20.8, Novocastra). Sections for the all antibodies were pretreated with heat.
Immunohistochemical findings were verified by control studies. Dorsal root ganglia were used as the outer positive control for ß III and NCAM, and nerve bundles around the tumor tissue were also used as the inner positive control for both markers. Appendiceal carcinoid tumors were used as the outer positive control for chromogranin A and synaptophysin. Squamous cell carcinomas of the skin were used as the outer positive control for EMA, and sebaceous and eccrine glands around the tumor tissue were also used as the inner positive control for EMA. Colorectal carcinomas were used as the outer positive control for CK 20. Negative controls were evaluated by substituting the primary antibody with similar diluted non-immunized mouse serum. Immunohistochemical staining of ß III and other markers was carried out in serial sections to evaluate the correlation between marker distributions.
Evaluation of immunoreactivity.
The degree of immunoreactivity to each monoclonal antibody was classified into the following three categories: 0 (no positive cells in the tumor), +1 (positive cells comprised of less than 50% of the tumor), and +2 (positive cells comprised of more than 50% of the tumor).
Results
Normal skin. Positive immunoreactivity to ß III was confined to the nerve bundles in the dermis and subcutis (Fig. 1A) . None of the epithelial cells of the epidermis, hair follicles (Fig. 1B) , including matrical cells, outer root sheath, and inner root sheath, sweat glands (Fig. 1C ) and sebaceous glands (Fig. 1D) were positive for ß III.
NCAM was expressed only in the nerve bundles in the dermis and subcutis, but not expressed in the epithelial components except in Merkel cells of the epidermis and hair follicles. Chromogranin A, synaptophysin and CK 20 were not expressed in the epithelial cells of the epidermis and skin appendages except in Merkel cells. EMA was expressed in the sebaceous and eccrine glands, but was not expressed in the epithelial cells of the epidermis and hair follicles.
BCCs. Subclassification of BCCs is as follows: 28 cases from the face, 2 cases from the scalp and 1 case from the thigh were of the nodular type (Fig. 2A) ; 7 cases from the face were of the micronodular type; 6 cases from the trunk and 3 cases from the face were of the superficial type; and 2 cases from the face and 1 case from the scalp were of the infiltrative type. Table I summarizes the immunohistochemical results for ß III and NCAM. ß III was focally expressed in 25 of 50 cases (50%). The immunoreactivity of ß III was predominantly distributed in the periphery of the tumor nests (Fig. 2B) . Further, 55% of nodular type (17/31 cases), 43% of micronodular type (3/7 cases), 33% of superficial type (3/9 cases) and 67% of infiltrative type (2/3 cases) showed positive immunoreactivity to ß III (Table I ). There was no significant correlation between the histological subtypes and the incidence of ß III expression (Table I) . Table I . Immunohistochemical results of basal cell carcinomas. -1+  2+  -1+  2+  - ----------------------------------------------------------------------------------------------------- NCAM was expressed in 34 of 50 cases (68%) and its expression was found in all four subtypes (Table I) . Most cases showed focal immunoreactivity to NCAM, predominantly in the periphery of the tumor nests, but 5 cases of nodular type had diffuse immunoreactivity (Table I) . Table II summarizes the correlation of ß III and NCAM immunoreactivity. In 34 NCAM-positive cases (including +1 and +2), 18 cases were both NCAM and ß III positive, while 16 cases were ß III negative (Table II) . In 25 ß III-positive cases, 7 cases were NCAM negative (Table II) . In the cases which were both ß III and NCAM positive, the distribution of these two markers was not always identical.
-----------------------------------------------------------------------------------------------------Class III ß-tubulin NCAM ---------------------------------------------------------------------

----------------------------------------------------------------------------------------------------
Chromogranin A, synaptophysin and CK 20 were not expressed in all of the 50 BCC cases in our series, and no CK 20-positive Merkel cells were found in the 50 BCCs. EMA was focally expressed (+1) in only 4 cases of our series (3 cases of nodular type and 1 case of micronodular type).
Discussion
Class II ß-tubulin (ß II), a molecule that belongs to the tubulin superfamily, is a neural type tubulin isotype and is also known as the 'major brain tubulin' (8) . It is widely distributed in the developing neuronal axons and dendrites as well as neuroepithelial tumors and represents a marker for progenitor and neuronal stem cells (18) . Roh et al reported that ß II was focally expressed in approximately half of BCCs (32/57 cases) (19) . However, ß II expression is not directly associated with neuroendocrine differentiation in the cutaneous tumors, because ß II is expressed in the keratinocytes of the granular layer, hair cortical and cuticular cells, inner root sheath and companion layer of the outer root sheath in the normal skin and up-regulated during squamous differentiation of keratinocytes (20) . Roh et al also reported that ß II expression was increased in the areas of squamous or follicular differentiation in the cutaneous tumors (19) . Thus, ß II expression in BCCs is likely not the predominant phenotype related to the neuroendocrine differentiation.
ß III, a 50 kDa protein, also belongs to the tubulin superfamily and is generally referred to as the 'minor brain tubulin', as compared to ß II (8, 16) . It has been used as a marker of early phase of neuronal differentiation in developmental and pathological studies. Unlike ß II, a previous report showed that ß III was not expressed in the normal epithelial cells of the epidermis, hair follicles, sweat glands and sebaceous glands (16) , which are identical to the results of our present study. On the other hand, we demonstrated aberrant expression of ß III in 50% of BCC cases and there was no significant correlation between the histological subtypes of BCCs and the incidence of ß III expression. This is the first report to show ß III expression in the cutaneous tumor.
ß III is expressed in certain neuroendocrine tumors, especially high grade neuroendocrine tumors of the lung (14) , gastrointestinal carcinoid tumors (15) , and nonneuroendocrine carcinomas of the lung, in particular adenocarcinomas (14) . Katsetos et al hypothesized that the aberrant expression of ß III in non-neuronal tumors may highlight alteration in the isotype composition of ß-tubulin in the tumor subclones (8) . This may dictate or predict the direction of tumor behavior and chemoresponsiveness to microtubuleacting compounds (8) . Cloning and characterization of the promoter region of the rat ß III have been performed, which will likely provide important insights into potential mechanism of the ß III expressional regulation (21) .
Microtubule associated proteins (MAPs), a group of cytoskeletal protein, play an important role in assembly of the microtubules (22) . While the tubulin isoforms form the frame of the network, the integrity and intracellular organization of the microtubule network are modulated and assembled by MAPs. MAP-2 is a member of the MAP families and is expressed mainly in neurons (22) . MAP-2 has repetitive microtubule-binding domains, which are believed to help MAP-2 protein confer stability to the microtubule (22) . MAP-2 expression is very weak in neuronal precursors, but becomes stronger about 1 day after expression of ß III since MAP-2 functions to stabilize ß III (23) . A recent study revealed that MAP-2 expression was observed in the hair follicle, almost exclusively in the innermost layer of the outer root sheath of the anagen follicle, and in the upper layers of the nail matrix in the normal skin (24) . In addition, Liu et al demonstrated that MAP-2 was expressed in 100% of nevi, 87% of malignant melanomas, 60% of desmoplastic melanomas (25) and also in all Merkel cell carcinomas (26) . They also reported that no positive immunoreactivity to MAP-2 was found in any BCCs (0/20 cases) (26) . The expression of MAP-2 in non-neoplastic skin and BCCs (24, 26) is different from that of ß III. Accordingly, further analyses are needed to clarify the molecular mechanism of the aberrant expression of ß III in BCC. However, our results suggest that the examination of the aberrant expression of ß III may be useful for distinguishing BCC from non-neoplastic hair buds, because non-neoplastic hair follicles are not positive for ß III.
NCAM expression was observed in 68% of our 50 BCCs, and this result corroborates the previous report by Chen-Tsai et al (27) . Distribution of ß III and NCAM was not always identical (Table II) . In addition, a few reports previously demonstrated that the minority of BCC cases showed neuroendocrine differentiation (6,7). George et al reported that chromogranin A was expressed in only 4% (2/53 cases) of BCCs (6) . However, chromogranin A and synaptophysin were not expressed in any of our 50 BCCs, including the ß III and/or NCAM-positive cases. ß III expression is observed in various neuroendocrine tumors of the lung and gastrointestinal tract (14, 15) , but our results show that ß III expression in BCC does not have high correlation with neuroendocrine differentiation. In addition, EMA was focally expressed in Table II . The correlation of class III ß-tubulin and NCAM immunoreactivity.
-------------------------------------------------Class III ß-tubulin -----------------------------------
Positive Negative  ----------------------------------------------- ------------------------------------------------ only 8% (4/50 cases) of BCCs. It is well known that the expression of EMA is uncommon in BCCs (28, 29) , which corroborates the results of our present study.
Schulz and Hartshuh reported that CK 20, a marker for Merkel cells, was useful for differentiating BCCs from trichoblastomas, because Merkel cells are rare or absent in the BCCs, in contrast to trichoblastomas which have scattered CK 20-positive Merkel cells (29) . In our series, none of the 50 BCCs had CK20 positive-Merkel cells, and CK20-positive tumor cells were not observed. This result is relevant to a previous report (30) .
In conclusion, we demonstrated that aberrant expression of ß III was observed in 50% of BCCs, although ß III was not expressed in the normal epithelial cells of the epidermis, hair follicles, sweat glands and sebaceous glands. Our results suggest the examination of the aberrant expression of ß III may be useful for distinguishing BCC from non-neoplastic hair buds. Further studies are needed to clarify the molecular mechanism of the aberrant expression of ß III in BCC.
